In this article, the role of metal complexes and chelating agents as therapeutic agents was reviewed. These agents are employed for the treatment of many hazardous diseases such as cancer, ulcer, anemia, microbial infection etc. Therefore, this article is a mini-review to discuss and focus on the importance of metallodrugs and their curative benefits as a remedy against various diseases. Different therapeutic agents have been described such as chelates of platinum, iron, iridium, rhodium, ruthenium, palladium, cobalt, and nickel.
INTRODUCTION
Metal based drugs have a long history of being used as important therapeutic agents. 1 For many decades, metal particles had been used as vital and significant part in biological sciences. 4 Medicinal inorganic chemistry defines the field in which either diagnosis or therapy of disease is performed by the application of metal complexes and chelates. 5 On the other hand, metal ions are useful in the field of biochemistry where these are injected in biological systems and this type of introduction in human body has proved to be highly beneficial for therapeutic purposes. 6 Figure 3 presents some fruitful and known meditational therapeutic metallodrugs. Now-a-days, many contrast agents that contain radioactive metal isotopes are being produced. These contrast agents are employed in a single photon emission computed tomography (SPECT) scans in hospitals of various countries worldwide [(SPECT)]. Metal ions, especially Gd 3+ are utilized in Magnetic Resonance Imaging (MRI). In the recent past, many MRI and SPECT scans have been performed. In Canada from 2011 to 2012 over 63,000 PET, over a million SPECT and 1.7 million MRI scans were carried out and these numbers are increasing internationally. 7 These techniques have been used in the treatment of cardiovascular disease, atherosclerosis and malignant tumor growth in human body. So, such imaging agents open new doors in the field of research where one example of this is determining the activity of brain. Salvarsan is the first ever developed therapeutic metallodrug and was elaborated by Paul Ehrlich. It is a mixture of 3-amino-4-hydroxyphenyl-arsenic (III). It is an antimicrobial agent and its main constituent is arsenic. He reported his experimental results of salvarsan on treatment of syphillis in 1912. 8 Enrlich's Magic Bullets idea was strengthened by salvarsan which was used against various diseases and proved helpful for killing many infectious microorganisms without disturbing the host. 9 Salvarsan is extensively used by humans but its composition is still not known. Before World War II salvarsan was used in syphilis but later penicillin replaced salvarsan. 10 The modern chemotherapy was born as a result of wide use of salvarsan and it is regarded as the start of contemporary research. It is very helpful in the development of metallodrugs. In 1965 at Michigan State University Loretta Van Camp and Barnett Rosenberg serendipitously discovered cisplatin, also known as Platinol, while studying Escherichia coli under the effect of electric current, 11 the structure of which is shown in Figure 3 . Platinum electrode emitted cis-diamminedichloroplatinum(II) and were used to inhibit the cell division. 11, 12 Recent studies have shown that platinum agents possessed activity against tumor and this finding may prove helpful in the development of anticancer metallodrugs. 13 
METAL COMPLEXES OTHER THAN CISPLATIN, AS THERAPEUTIC AGENTS
Cisplatin is widely used for the treatment and diagnosis of solid carcinomas and is a worthy cytostatic drug. Other metals like copper, iridium, titanium, gold, tin, germanium, bismuth, ruthenium, molybdenum, gallium, rhodium are used as anticancer agents and their history has shown them to be significantly effective against carcinogenic diseases in both humans and animals. In periodic table, groups 3 to 12 represent transition metals, also recognized as d block element due to their half or partially filled d-orbitals. Hence, coordination complexes are made due to partially filled d-subshells. The structure of coordination complex or metal complex contains central metal atom bonded by many ligands that surround the central metal atom. Ligands may be anions or molecules because central metal atom is positively charged. First time the metal conjugates were fabricated in 1875 by Sophus Jorgensen in Denmark. In 1893, Alfred Werner tested various compounds containing chlorine, cobalt and ammonia which were proven a big breakthrough in this regard. Due to his work in 1913, Alfred Werner was awarded with the Noble Prize. 14 In 1967, Rosenberg did a marvelous work when he investigated bacterial growth under electrical field effect and observed the inhibition of cell division by elongation of bacteria. He obtained the series and found that cisplatin is produced due to platinum electrodes and not due to electric field effect. 15 These complexes are represented in Figure 4 .
The complex was discharged into the medium where it penetrated the cell wall and adducts were formed with DNA, hence discontinuing replication. 16 The revelation came during an era when small organic molecules were focused and evaluated for anticancer activity. It symbolized the passage of inorganic complexes into the field on account of cisplatin. Cisplatin made remarkable contribution in cancer treatment of testicular cancer, which was previously a deadly disease. 17 Subsequently, the running mode of efforts prior to cisplatin's revelation, moved its focus to include inorganic complexes and aiming at exploring chemotherapeutic range of cisplatin and enhancing its clinical profile 18 . The serendipity discovery of cisplatin proposed that some fruitful change in structure might lead to enhance the activity of metal-based medicines. Now-a-days, platinum based drugs (carboplatin, cisplatin and oxaliplatin) are employed in the approximate range of 50 % -70% of tumor treatment systems. 19 Cisplatin and its subsidiaries aren't employed for all type of cancers due to the fact that some tumor types resist the maximum tolerable dosage. Cisplatin-resistant cancer types include breast cancer and prostate cancer where former is the most common type of cancer in European women and latter in men from United States. 20
THE ROLE OF CHELATES AS THERAPEUTIC AGENTS
It is well established fact that good health is directly related to the presence of several metal ions in body but on the other hand, recently various metal containing compounds have also been documented as environmental and work-place carcinogens. 21, 22 Many chelates of different metals are utilized as therapeutic agents like Fe, 23 Ir, 24 Rh, 25 and Co 26 etc. In this regards C-H. Leung et al. reported the activity of iridium and rhodium complexes. 27 They explained their complexes to be acting as therapeutic agents, protein inhibitors, 28 especially kinase inhibitors 29, 30 , inhibitors of enzymes like ubiquitin potrase sys (UPS) 31 and NEDD8-activ enzyme (NAE) 32 and inhibitors of protein-protein interaction .33 M.C. Heffern et al. highlighted the role of cobalt as therapeutic agent 34 and reported that the complexes of cobalt are very reactive towards ligand exchange making bioactive ligand. 35 Cobalt complexes played a role of bio-reductive agents. 36, 37 In which they explained that cobalt (III) complexes are inert and by reduction they convert into Co (II) which has ability to immediately substitute its ligands. 38 R.C. Hider et al. successively reported in his review the role of iron chelates as therapeutic agents. They described the disadvantages and advantages of iron chelators. 30 years ago, it was considered that iron chelates are orally inactive but its successful design made it not just orally active but also reduced its toxicity to almost zero level. 39 D.R. Richardson reported the use of iron chelators as therapeutic agents in his review. 40 He also focused on the treatment of cancerous cells with the use of iron chelates. 41 
IMPORTANCE OF METAL COMPLEXES AS MRI AGENTS
Metal complexes are of great significance as MRI agents when employed as imaging operators. They are also used for various infections such as cerebrum issues and coronary diseases etc. They can not only determine different parts of diseases such as tissue hypoxia but also identify molecular phenomenon such as multidrug resistance. Because metal centers are positively charged, they combine with negative centers of biomolecules (proteins and nucleic acids) and thus particular biological processes become easily understandable including the initiation of thrombi and the imaging of infections. With the help of using methods of system filtration viz. gamma PET and MRI, tissues and organs with radio-labeled compounds can be envisioned and such representation assures the detection of variations from the abnormalities. Radionuclide complexes are utilized for diagnosis, as comparison media and as therapeutic agents. 42 
METAL COMPLEXES AS ANTIMICROBIAL AGENTS
Many reports demonstrated that the level of microorganisms that resists multi-drugs is increasing continuously 43 and becoming responsible for ailment problems all over the world 44, 45 like methicillin-resistant Staphylococcus aureus, vancomycini-resistant enterococci, and other drugresistant human pathogens in Europe and United States. 46 These micro-organisms continue to affect the human race and hence, an effective therapy is needed to cope with them what finally results in the discovery of novel antimicrobial agents. Metal based drugs can replace many other organic drugs which have been conventionally employed for treatment due to the fact that during complexation, synergistic effect is produced between ligand and metal ions. It was reported that numerous metal complexes in antibiotics contain quinoline group e.g. ciprofloxacin, tetracycline and norfloxacin possess more activity than antibiotic alone, for example, it has been recently reported that antimicrobial activity of norfloxacin alone is not enriched but when it undergoes complexation with bismuth (bismuth-norfloxacin complex) shows better antimicrobial activity . 47 Previous studies have shown that the activity is enhanced due to the increase in the bio-availability of complex. It means the fabrication of metal complexes facilitates the transport of organic ligands into or towards the bacterial cells. Some palladium complexes have been reported which are very efficient against resistant microorganisms. One of such examples is tetracycline's Pd (II) complex as shown in the Figure 3 which is sixteen times more potent against the tetracycline resistant bacterial strain, E. coli HB101/pBR322, as compared to parent compound. However, Pd (II) complex of doxycycline (Fig. 3) is two times more potent to fight against microorganism than doxycycline. 48 The report about tin complexes shows its antimicrobial activity such as organotin (IV) complexes with N-alkylisatin bisthiocarbonohydrazones and isatin. 49 Other metals have also been reported which can be used as antibacterial agents such as mercury and silver salts. 50, 51 In this regard, for many years, copper ions have been known for their antifungal effect. In the practical field the antimicrobial activity of Silver (I) and Copper (II) complexes of 2-pyridyl-1Hbenzimidazoles are known. 52 Similarly, moderate antimicrobial activity of bismuth compounds is also known but bismuth therapy can enhance the toxicity due to providing short-term effects by large number and frequent dose. Another disadvantage of bismuth is the limiting factor due to its poor solubility in water. It is reported that bismuth complexes show antimicrobial activity towards Gram-negative bacteria and are dependent upon iron uptake. However, iron is necessary for the growth of H. pylori. 53 In treatment of tumors, syphilis, reduction of renal toxicity of cisplatin, in radioisotope therapies etc., bismuth compounds are often used as medicines.
RECENT DEVELOPMENT IN METAL COMPLEXES AS THERAPEUTIC AGENTS
S. Selvaraj et al. explained the development in the complexation of flavonoid-metal ions based drugs. They declared flavonols more potent than flavones and flavanones. Flavonols easily combine with metal ions and make complexes which possess anti-microbial, anti-cancer, anti-tumor, anti-inflammatory, anti-diabetic and anti-oxidant agents. Flavonoids can make chelates with metal ions and such complexations can interact easily with DNA. Because of their amphiphatic character, they have the ability to combine with DNA and are more suitable for the body as therapeutic agents. 54 The structure of flavonoid is shown in Figure 5 . As it is clear from the figure that flavonoids contain total 3 benzene rings, 55 and polyphenolic group is basic functional group operating in this structure where opposite to the position of oxygen exists the possibility for another group (either another oxygen or a benzene ring) to attach with this ring. Flavane network has hydrophobic character while hydroxyl group of phenolic region has hydrophilic behavior. So, due to this amphiphilic character flavonoids can play a vital role in the body.
Metal ions makes complex with flavonoids while substituting the hydroxyl group hydrogen. Genistein and quercetin have been reported previously to deprotonate and coordinate with metal atoms. When transition metal atoms combine with flavonoids they invert their properties but in the end stable complexes are formed. The metal complexes formed in the 1:1 and 1:2 as M:L. [56] [57] [58] Reflux condensation method is used for the fabrication of metal ions complexation. 59, 60 Different flavanoid-metal ion complexes previously reported are enlisted in Table 1 . Table 1 Flavonoid-metal ion complexes
Sr.
No.
Flavonoids
Metal ions Anti-oxidant, 21 anti-tumor, 2 and DNA-binding activity 25 Anti-tumor and anti-oxidant activity 62, 63 64 Similarly, flavanones, flavones and flavonols can coordinate with metal atoms and are employed as therapeutics such as anti-inflammatory, antioxidants, antitumor, interacting with DNA, anticancer, antimelanoma and antiosteogenic agents. Following metal atoms: Cu(II), Ni(II), Fe(II), Zn(II), Co(II), Cd(II), Pt(II), Mo(II), Pd(II), Mn(II), Hg(II), Lu(III), La(III), Gd(III), Al(III), Fe(III), Eu(III) and VO(IV) majorly form complex with flavonoids. [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] 
FUTURISTIC ANTICANCER METAL COMPLEXES
Mainly platinum based metal drugs are found but there are number of other metal atoms which are part of drugs and successfully employed in the field of medicine as therapeutic agents. Much advancement has been reported recently and other studies attempt to link the future of anticancer metal complexes to the treatment of tumour metasis as well. 76 Few key advancements are discussed in this study.
Iron complexes
Iron complexes are essential to our body as they perform various functions and activities in our body such as cell growth and DNA interaction and proliferation. 77 Ferrocenium trichloroacetate and ferrocenium picrate salts are the earliest known iron complexes. These complexes are successfully used for the generation of ROS ("reactive oxygen species") which is used in curing damaged DNA. Figure 7 shows the structures of iron complexes. 78 Moreover, there are recent advancements such as the fabrication of Fe (II, III) poly-pyridyl and ferrocenyl based complexes. 79, 80 Gonzalez-Bartulos et al. fabricated five Fe (II) complexes of aminopyridine to be anticancer ones and these complexes are shown in Figure 7 . 81 Few of the significant recently developed iron (III) complexes are enlisted in the Table 2 .
Ruthenium complexes
Ruthenium is amongst the last in the list according to abundance but due to its corrosion resistance, variety in oxidation states, antimetastatic property and excellent stability; it gains a lot of attention worldwide. It is also employed as an antitumor therapeutic agent. 84 Some recently developed complexes of ruthenium with similar bioactivity such as cytotoxic, antineoplastic and anticancer properties are enlisted in the Table 3 . Photo induced anti-cancer activity 83 Table 3 Recently developed ruthenium complexes
Sr.
No. 
Ruthenium complexes

Palladium complexes
Palladium complexes are also categorized among those which are used as therapeutic agents. Pd (II) complexes exhibit almost the same chemical properties as cisplatin does 89 but studies revealed Pd (II) complexes to possess better stability, greater solubility and they are kinetically more labile. 90 Their coordination chemistry is also similar to Pt (II). 91 Recently synthesized complexes of Pd(II) are mentioned in Table 4 .
Other metal complexes
Osmium complexes are more like ruthenium complexes. R. J. Mcquitty evaluated complexes of these metals to have the same effect if monodentate leaving group is altered. 94 But kinetics and mechanisms of reactions occur differently due to the fact that osmium and ruthenium are different. Osmium complexes have more potential than ruthenium against cancer cells and their complexes are effective as they easily make linkage with DNA that leads towards the generation of ROS which destroys or damage cancer cells. 95, 96 Silver and gold complexes also possess antimicrobial properties where silver is used in the form of silver nitrate (AgNO 3 ). 97 Being less toxic in nature, it is used to cure burns. Its complex, silver sulfadiazine is shown in Figure 8 that serves such purpose. Table 4 Recently developed complexes of Pd(II)
Sr
Pd complexes
Structure Activity References Furthermore, silver complexes are vastly used, almost in every field of life such as foods, shoe insoles, bandages, surgical instruments and cutlery. 98--100 Although, gold is more expensive than silver metal yet its benefits in the field of medicines as antimicrobial and therapeutic agents, has increased its importance to a great deal. In the treatment of rheumatoid arthritis, gold complexes are employed. Auranofin complex of aurum is used to generate haeme oxygenase-1 and ROS. 101 Both of these are used as anticancer agents.
CONCLUSION
In this study, an outline of the metal based drugs which have either demonstrated promising results or utilized as a part of the treatment of various diseases and so forth, has been displayed.
It appears that open doors exist to endeavor metal and metal based drugs in the revelation and advancement of novel chemotherapeutic agents. The strengthened after-effects of pre-clinical and clinical studies with metal compounds structure the premise for further examinations towards the improvement of metallo-drugs for better medicinal services. Further, comprehension of component of activity, cell target and the approximately composed metal complexes will expand the selectivity and the specificity of new metal complexes. In simple words, metal complexes offer new properties that can't be found amongst natural specialists. The helpful utilization of therapeutic agents of metal complexes is still an unexplored region of research and proceeding with work here is justified. Because of a wide assortment of coordination spheres, oxidation states, redox potential and ligand design, coordination and organometallic compounds can efficiently adjust the thermodynamic and kinetic properties of the metallodrug complexes towards biological receptors. In this manner, they offer opportunities to design novel agents for the treatment of various different diseases.
